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Resumé)Den$Europæiske$ål,$Anguilla(anguilla,$er$en$fisk$i$høj$kurs,$både$inden$for$fiskeri$samt$indenfor$brug$ i$ akvakultur.$ Ved$ hjælpe$ fra$ reproduktion$ prøver$ forskere$ målrettet$ at$ etablere$ en$akvakultur,$der$er$selvbærende$i$form$af$yngel.$Den$gængse$antagelse$er$at$den$Europæiske$ål$er$semelpar$med$en$synkron$oocytudvikling,$determinerende$fekunditet$og$total$gydende.$Der$er$dog$blevet$sat$spørgsmålstegn$ved$denne$antagelse$grundet$eksperimenter,$der$påviste$at$den$ samme$ hun$ gav$ flere$ batches$ af$ æg.$ Disse$ resultater$ indikerer$ at$ ålen$ måske$ i$virkeligheden$ har$ en$ asynkron$ oocytudvikling$ og$ gyder$ i$ batches,$ selvom$ nogle$ forskere$hævder$ at$ dette$ skyldes$ den$ suboptimale$ hormonbehandling,$ der$ begrænser$ den$ naturlig$oocytudvikling.$ Dette$ nærværende$ studie$ benytte$ histologisk$ analyse$ for$ at$ karakterisere$oogenesen$ og$ ovariets$ organisation,$ og$ resultaterne$ indikerer$ at$ udviklingen$ i$ de$hormonbehandlede$ ål$ følger$ et$ almindeligt$ asynkront$ udviklingsmønster,$ der$ leder$ til$batchgydning.$Endvidere,$er$to$forskellige$ordninger$af$hormonbehandlinger$blevet$benyttet$i$dette$studie$som$resulterede$i$et$lignende$udviklingsmønster.$$
Abstract/)summary$The$European$eel,$Anguilla(anguilla,$is$high$a$value$fish$for$fisheries$and$a$targeted$species$for$aquaculture.$Through$assisted$reproduction$scientists$aim$at$establishing$an$aquaculture$selfBsustained$with$ fry.$ The$ common$perception$ is$ that$ eels$ are$ semelparous$with$ synchronous$oocyte$ development,$ determinate$ fecundity$ and$ total$ spawning.$ This$ perception$ has,$however,$ been$ questioned$ due$ to$ experiments,$ yielding$ more$ egg$ batches$ from$ the$ same$female.$These$results$indicate$that$eel$may$in$fact$have$asynchronous$oocyte$development$and$batch$ spawning,$ although$ some$ researchers$ have$ claimed$ that$ this$ is$ due$ to$ subBoptimal$hormonal$treatment,$impairing$the$natural$pattern$of$oocyte$development.$The$present$study$applied$histological$analyses$to$characterize$oogenesis$and$ovarian$organization,$and$results$indicate$ that$ the$ development$ in$ hormonally$ treated$ eel$ follows$ a$ typical$ asynchronous$development$ pattern,$ leading$ to$ batch$ spawning.$ Furthermore,$ two$ different$ hormonal$treatment$schemes$applied$in$this$study$resulted$in$a$similar$development$pattern.$)
) )
Preface)This$Bachelor$thesis$in$environmental$biology$from$Roskilde$University$focuses$on$European$eel$ and$ application$ of$ histology$ in$ fish$ reproduction.$ $ My$ special$ thanks$ go$ to$ Jonna$Tomkiewicz$ from$ DTU$ Aqua,$ Fish$ Biology$ Group,$ Section$ for$ Marine$ Ecology$ and$Oceanography,$for$expert$guidance$and$supervision$throughout$the$entire$process.$Also,$this$work$would$not$have$been$possible$without$the$histological$ training$and$ instructions$ in$the$laboratory$from$the$highly$experienced$technician$Inger$Hornum,$DTU$Aqua.$Furthermore,$I$would$ like$ to$ thank$ my$ supervisor$ Benni$ Winding$ Hansen$ from$ the$ Department$ of$Environmental,$Social$and$Spatial$Change$(ENSPAC)$for$guidance,$performing$this$BSc$project.$Thanks$also$to$everyone$in$the$Fish$Biology$(eel)$research$group$and$the$ones$in$Lyksvad$for$making$me$feel$welcome$and$quickly$becoming$a$part$of$this$great$group.$$This$ BSc$ project$ relates$ to$ comprehensive$ study$ on$ eel$ reproduction$ performed$ by$ the$supervisor$Jonna$Tomkiewicz$in$the$project.$EUBProject$European(eel(reproduction:(Towards(a(
self6sustained(aquaculture$(PROBEEL)$$$$$
$ $
Reading)instructions$The$ focus$ of$ this$ thesis$ is$ on$ oogenesis$ and$ oocyte$ development$ in$ European$ eel,$Anguilla(
anguilla.$The$thesis$includes$a$literature$study,$histological$laboratory$work,$image$analyses,$and$ evaluation$ of$ histological$ slides$ in$ order$ to$ characterize$ the$ reproductive$ strategy$ in$female$ European$ eel.$ The$ literature$ study$ includes$ an$ overview$ of$ European$ eel$ biology,$population$ ecology,$ and$ exploitation$ as$ well$ as$ an$ introduction$ to$ general$ teleost$reproduction.$An$analysis$of$oocyte$development$and$ovarian$organization$in$European$eel$is$presented,$based$on$histological$analysis$of$ovaries$obtained$from$reproduction$experiments$conducted$ in$ an$EUBProject$European(eel(reproduction:(Towards(a(self6sustained(aquaculture$(PROBEEL).$The$related$laboratory$work$comprised$training$in$histological$methods,$including$different$staining$techniques,$analysis$and$evaluation$of$the$tissue$preparations.$$Histological$slides$ were$ analyzed$ using$ microscopyBimaging$ software$ (CellSens$ Entry,$ Olympus).$Histology$is$an$essential$tool$in$the$identification$of$oocyte$development$patterns$and$ovarian$organization.$The$histological$methods$learned$are$documented$in$Appendix$1$and$Appendix$2.$The$results$of$microscopy$image$analysis$are$discussed$and$related$to$knowledge$obtained$through$ the$ literature$ study$ in$ order$ to$ evaluate$ oocyte$ development$ and$ organization$ in$European$eel.$$$The$ study$ applies$ ovarian$ tissue$ obtained$ from$ eel$ reproduction$ experiments,$ while$experiments$and$sampling$were$not$included$due$to$time$constraints.$However,$participation$in$similar$sampling$at$ the$DTU$Aqua$research$ facility$provided$ insight$ in$ the$procedures.$ In$reproduction$experiments,$the$eels$are$hormonally$treated$to$induce$maturation$in$captivity.$The$ hormonal$ treatment$ of$ female$ eels,$ used$ in$ the$ present$ experiments,$ is$ described$ in$section$ 3.2$ “Materials$ and$ methods”.$ Furthermore,$ the$ complex$ hormonal$ control$ of$ eel$reproduction,$ making$ this$ hormonal$ treatment$ necessary,$ is$ briefly$ mentioned$ in$ the$“Introduction”.$The$thesis$does$not$attempt$to$cover$or$discuss$endocrinology$of$teleost$ fish$reproduction$nor$does$it$cover$hormonal$control$mechanisms$in$eel$in$specific.$This$study$has$the$ main$ focus$ on$ morphology$ and$ functional$ traits$ of$ eel$ reproduction$ in$ relation$ to$aquaculture$application.$$
) )
Motivation)$The$European$eel,$Anguilla(anguilla,$is$a$fish$of$social$and$economic$importance.$In$Denmark,$there$is$a$long$tradition$for$serving$eels,$which$also$applies$to$many$other$European$countries,$e.g.$ the$Netherlands,$France,$and$Spain.$But$ it$ is$not$only$in$Europe$that$the$eel$ is$a$popular$delicacy,$also$in$Asia$eels$are$highly$appreciated$for$human$consumption.$$This$demand$makes$eels$a$high$value$fish$for$fisheries$and$a$targeted$species$for$aquaculture.$In$ former$ times,$ European$ eel$was$ abundant,$ however$ in$ recent$ decades$ it$ has$ become$ an$endangered$species.$This$is$most$likely$due$to$a$combination$of$high$fishing$pressure$in$all$life$stages$ as$well$ as$ deteriorated$ environmental$ conditions.$ Thus,$ eel$ fisheries$ target$ not$ only$yellow$and$silver$eels,$but$also$glass$eels$are$caught$and$farmed$for$consumption.$At$present,$aquaculture$of$ eel$ relies$ solely$ on$wildBcaught$ glass$ eels,$ because$ the$ eel$ do$not$ reproduce$naturally$in$captivity.$Due$to$the$reduction$in$abundance$of$glass$eels,$a$main$objective$for$eel$aquaculture$has$become$to$breed$this$species$sustainably$in$captivity.$$$One$of$ the$ shortcomings$ for$eel$breeding$ in$aquaculture$ is$ incomplete$knowledge$about$ its$lifecycle,$ including$ their$ reproduction$ and$ early$ life$ stages$ in$ nature.$ However,$ captive$production$ of$ viable$ offspring$ has$ become$ possible$ in$ recent$ years$ through$ assisted$reproduction$ techniques.$ Thus,$ gamete$ development$ can$ be$ induced$ through$ hormonal$treatment$by$salmon$pituitary$extract,$ through$which$offspring$can$be$achieved$by$artificial$fertilization.$ Also$ culture$ techniques$ for$ larval$ rearing$ are$ under$ development,$ making$ it$possible$ to$ sustain$ larvae$ culture$ for$ more$ than$ 20$ days$ in$ aquaculture,$ entering$ the$challenging$ first$ feeding$ phase.$ In$ this$ context$ there$ is$ still$ a$ need$ to$ optimize$ hormonal$treatment$in$order$to$sustain$normal$oocyte$development$and$high$egg$quality.$$In$nature,$the$prevailing$hypothesis$forecasts$that$European$eels$migrate$to$the$Sargasso$Sea$to$spawn$and$ they$are$assumed$ to$mature,$ spawn$once,$and$ then$die$ in$ the$spawning$area.$However,$natural$gamete$development$remains$unknown,$and$development$during$ induced$maturation$ is$ unresolved$ and$ highly$ variable.$ In$ this$ project,$ oogenesis$ and$ ovarian$development$are$described$and$compared$ to$ the$development$ in$other$ teleosts.$The$aim$of$the$study$is$to$provide$the$basic$knowledge$needed$to$identify$the$eel$reproductive$strategy$and$to$evaluate$if$oocyte$development$during$hormonal$treatment$follows$a$natural$pattern.$This$knowledge$ is$needed$ in$order$ to$develop$efficient$assisted$reproduction$methods$ for$a$high$offspring$production$in$a$future$sustainable$and$profitable$aquaculture$of$European$eel.$$
Objectives)$A$ common$perception$ is$ that$ the$European$ eel$ is$ semelparous,$ i.e.$mature$ and$ spawn$only$once$in$their$lifetime.$Additionally,$they$are$assumed$to$be$total$spawners,$i.e.$develop$all$their$eggs$ synchronously$ and$ spawn$ all$ eggs$ during$ one$ single$ spawning$ event$ (e.g.$ Murua$ &$SaboridoBRey,$2003;$McBride$et(al.,$2013).$Reproduction$experiments,$however,$indicate$that$eels$ may$ not$ follow$ this$ pattern,$ but$ rather$ spawn$ their$ eggs$ in$ batches$ (Tomkiewicz$ &$Jarlbæk,$ 2008;$ LowerreBBabieri$ et( al.,$ 2011).$ In$ this$ context,$ the$ overall$ objectives$ of$ the$present$study$are$to$investigate,$describe,$and$evaluate$the$female$European$eel$reproductive$strategy,$including$a$comparison$with$oogenesis$and$ovarian$organization$in$other$teleosts.$$$Specific$objectives$include:$B Describe$important$elements$in$European$eel$life$cycle,$population$ecology,$and$exploitation$(literature$study,$background$knowledge)$B Explain$reproductive$strategies$of$teleost$fishes$(literature$study,$comprehension)$B Employ$histological$methodology$to$preserved$ovarian$tissue$(laboratory$training,$application)$B Investigate$and$describe$oogenesis$and$ovarian$development$in$female$European$eels$subjected$to$hormonal$treatment$(imaging$and$data$analysis,$synthesis)$$$B Discuss$the$reproductive$strategy$of$European$eel$and$compare$it$to$reproductive$strategies$revealed$for$other$teleost$fishes$(evaluation)$$The$ hypothesis$ forwarded$ here$ is,$ that$ European$ eel$ oocyte$ development$ is$ asynchronous$and$ that$ they$ spawn$ their$ eggs$ in$ several$ batches$ over$ an$ extended$ spawning$ period.$ The$assumption,$ that$ the$ oocyte$ development$ in$ hormonally$ treated$ eels$ is$ similar$ to$ natural$maturation$is$later$discussed.$$$
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1 General&introduction&
1.1&The&European&eel&"The" European" eel" (Anguilla( anguilla,( Linné" 1758)" is" an" endangered" species" (Freyhof" &"Kottelat,"2010),"and"several"aspects"of"its"mysterious"life"cycle"still"remain"unresolved."The"eel"is" a" catadromous" species" with" an" oceanic" and" continental" phase." The" European" eel" is"distributed"in"all"of"Europe"and"northern"Africa"with"a"common"spawning"area"in"the"Sargasso"Sea" (Als" et( al.," 2011)." It" has" been" questioned" if" European" eel" resides" from" one" or" several"independent"populations"(Figure"1)."The"question"raised"in"the"related"discussion"is"whether"the"eel"is"a"panmictic"species"or"not"(Als"et(al.,"2011)."Panmixia"is"random"mating,"and"there"is"strong"evidence"that"European"eels"are"only"one"population," i.e." they"mate"randomly" in" this"spawning"area."""
"
Figure!1:!The!two!different!theories!about!the!European!eel!mating!strategy.!The!panmixia!theory!(top)!and!the!
theory!that!the!European!eel!comprises!several!distinct!populations!(bottom)!(Als!et#al.,!2011).!"The"European"eel"was"once"abundant,"but"the"stock"has"declined"during"the"last"50"years"and"remains" at" a" low" level" (Kirkegaard" et( al.," 2010)," although" recruitment" of" glass" eels" has"recently" increased" slightly" (Figure" 2)" (ICES," 2013)." High" fishing" pressure" in" all" life" stages,"habitat" deterioration," and" environmental" changes," among"others," has" caused" this"decline" in"
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the" stock" abundance." This" includes" the" juvenile" stage" (glass" eel)" that" is" targeted" for"aquaculture."In"fact,"aquaculture"relies,"today,"exclusively"on"wild\caught"glass"eels."To"relieve"the" wild" stock" of" this" fishing" pressure" as" well" as" to" enhance" captive" eel" production," it" is"important" to" establish"a" sustainable" aquaculture" (Kirkegaard"et(al.," 2010," Sparrevohn"et(al.,"2011)."Thus,"a"targeted"goal"of"the"eel"aquaculture"industry"is"to"become"self\sustained"with"fry."One"of"the"steps"to"reach"this"goal"is"to"breed"eels"in"captivity."However,"eels"so"far"do"not"reproduce"naturally"in"captivity;"therefore,"captive"breeding"requires"research"and"technology"development" in" order" to" obtain" a" successful" reproduction" of" the" European" eel" and" culture"offspring"throughout"all"larval"life"stages"(Tomkiewicz,"2012).""
"
Figure!2:!Recruitment!of!glass!eel!and!yellow!eel!in!45!European!rivers.!Logarithmic!scale!on!the!yHaxis.!Mean!value!
of!combined!glass!eel!and!yellow!eel!series!and!their!bootstrap!confidence!interval!(95%)!are!represented!as!black!
dots!and!bars.!Blue!line!represent!the!mean!value!for!glass!eel!series,!and!the!brown!line!represent!the!mean!value!
for!the!yellow!eel!series.!The!grey!shade!indicates!the!range!of!the!series.!(ICES,!2013).!!"
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Captive"breeding"is"hampered"by"incomplete"knowledge"about"the"European"eel"reproductive"cycle"and"early"life"stages"in"nature"(Tomkiewicz,"2012)."The"spawning"area"in"the"Sargasso"Sea"was"revealed"in"the"beginning"of"the"past"century"(Schmidt,"1922"in"Rindom"et(al.,"2014),"and"the"migration"route"and"pattern"is"gradually"revealed"(Aarestrup"et(al.,"2009)."However,"maturing"and"spawning"eels"have"so"far"not"been"caught"neither"on"their"migration"route"nor"in" the" Sargasso" Sea," in" spite" of"many" attempts" to" capture" spawning" eels," e.g." recent"Danish"research"cruises"in"2007"(Galathea)"and"in"2014."Another"purpose"of"such"cruises"is"to"delimit"the"spawning"area"further"and"learn"more"about"the"distribution,"prey"and"feeding"biology"of"eel"larvae"(Munk"et(al.,"2010)."
&&
1.2&Stock&status&and&aquaculture&&"The" European" eel" has" become" a" rare" species," and" it" is" now" red\listed" by" the" International"Union" for" Conservation" of"Nature" and"Natural" Resources," IUCN" (Freyhof"&"Kottelat," 2010)."There"are"many"factors,"which"influence"the"amount"of"glass"eel"reaching"the"continental"shelf,"as"well"as"the"amount"of"silver"eels,"migrating"towards"the"Sargasso"Sea."One"of"these"factors"is"the"decrease"of"suited"habitats,"hydropower"plant"turbines,"and"over\fishing"(Kirkegaard"et(
al.,"2010)."In"Europe,"the"European"Commission"has"requested"national"management"plans"to"increase"the"return"of"migrating"eels"to"the"ocean"(Kirkegaard"et(al.,"2010)."Thus"in"Denmark,"the"eel"fishing"industry"has"restrictions"on"when"and"how"many"eels"are"allowed"to"be"caught,"and" restocking" of" eels" is" implemented" in" lakes" and" coastal" areas" (Kirkegaard" et( al.," 2010;"Sparrevohn"et(al.,"2011).""The"market"for"eel"remains"lucrative"and"present"capture\based"aquaculture"of"European"eel"is"unable"to"meet"the"demand.""A"self\sustained"aquaculture"would"be"able"to"re\establish"the"market"and"meet"the"consumer"demand"for"eels,"and"consequently"there"is"an"ever\increasing"interest"in"establishing"breeding"and"hatchery"technology"for"eels."This"includes"production"of"viable" gametes" and" culture" of" larvae" throughout" the" larval" stage," ultimately" leading" to" the"transformation"to"glass"eels"(Kirkegaard"et(al.,"2010,"Tomkiewicz,"2012)." It" is"still"uncertain"how" long" time" it" will" take" to" reach" this" goal," but" recent" research," e.g." in" the" European"collaborative" research" project" Reproduction( of( European( Eel:( Towards( a( sustainable(
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aquaculture" (PRO\EEL)," has" obtained" a" stable" production" of" viable" larvae" through" assisted"reproduction,"artificial"fertilization,"and"larval"rearing"technology,"which"is"promising."""""""
1.3&Life&cycle&in&nature&and&culture&"The"eel"migrates"6000"km"from"Europe"to"the"Sargasso"Sea,"where"they"legendarily"spawn"their"eggs"(Smith,"1922).""
"
Figure!3:!The!lifecycle!of!the!European!eel.!The!dotted!lines!show!what!is!still!to!be!resolved,!and!the!straight!lines!
show!those!parts!of!the!lifecycle!that!are!known.!The!phases!of!the!life!cycle!controlled!by!hormonal!inhibition!and!
treated!in!assisted!reproduction!are!indicated!(PROHEEL!project,!www.proHeel.eu).!!Eels"are"catadromous"fishes"that"start"their" lives"as"pelagic"eggs"and"larvae"in"the"ocean," i.e."their"first"oceanic"phase"(Figure"3)."The"newly"hatched"larvae,"i.e."yolk\sac"larvae,"develop"into"the" feeding" stage," i.e." leptocephalus" larvae," which" drift" with" the" currents" towards" the"European" continent" and" other" parts" of" their" distribution" area." When" the" larvae" reach" the"continental"shelf,"they"transform"into"glass"eels"(Figure"3),"and"begin"their"continental"phase."During"this"transformation,"morphological"and"physiological"changes"occur,"e.g."they"adapt"to"living" in" fresh"water"or"brackish"water," their"bone"structure"calcifies,"and" the"skin"becomes"pigmented"(Tesch,"2003)."The"glass"eels"wander"up"steams"or"stay"in"the"coastal"zone,"where"they" grow" into" the" elver" stage" and" later" on" become" yellow" eels" (Figure" 3)." Its" skeleton"development"completes"and" it"becomes"brownish"with"a"yellow"shine"on"the"abdomen."The"European"eel"lives"most"of"its"life"in"this"yellow"eel"stage."This"stage"ranges"between"app."6"to"
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16"years" (Tesch,"2003;"Kirkegaard"et(al.," 2010)."During" the" immature"yellow"stage," the" fish"builds"up" its" lipid" reserves"by" feeding"on" insects," invertebrates," and" small" fish."At" a" certain"point,"the"yellow"eel"reaches"the"silvering"stage,"where"morphological"changes"occur."Besides"changing" color," the" skin" gets" thicker" and" the" eel" stops" feeding" (Tesch," 2003)." The" eel" now"completely" depends" on" its" reserves," in" particular" its" lipid" stores" should" provide" them"with"enough"energy"for"the"migration,"maturation"of"the"gonads,"and"the"spawning"(van"Ginneken"&" van" der" Thillart," 2000)." During" the" silvering" process," the" gonadal" development" becomes"paused"due"to"a"hormonal"inhibition"(dopamine)"at"the"pituitary"level."These"silver"eels"start"the" migration" towards" the" Sargasso" Sea," entering" its" oceanic" phase" (Tesch," 2003)." The"inhibition"of" the"gonadal"maturation"must"be"released"during" the"migration"or"on"arrival"at"the" spawning" site;" however," the" mechanism" remains" unknown" as" well" as" the" natural"maturation"and"spawning"pattern."Until"today,"no"maturing"or"spawning"European"eels"have"been"caught,"while"catches"of"yolk\sac"and"leptocephali"larvae"have"increased"our"knowledge"about"their"early"life"history"(Munk"et(al.,"2010).""The"inhibition"at"the"pituitary"level"is"the"reason"why"eels"do"not"breed"naturally"in"captivity"and" the" lack"of"knowledge"about" the"mechanisms" that" control"gonadal"maturation"makes" it"difficult" to" breed" eels" in" aquaculture." However," it" is" possible" to" override" this" inhibition"through" hormonal" treatment" that" stimulates" eel" gonadal" development," thereby" making" it"possible"to"complete"gamete"development"and"produce"viable"eggs"and"offspring"(Ohta"et(al.,"1997;"Kagawa"et(al.,"2005;"Tomkiewicz"2012;"Butts"et(al.,"2014)."Japanese"scientists"thus"have"succeeded" in" reproducing" the" Japanese" eel" (Anguilla( japonica," Temminck"&" Schlegel," 1846)"and" completed" the" lifecycle" in" captivity" (Ohta" et(al.," 1997;" Kagawa" et(al.," 2005)." Here," they"used"hormonal"injections"to"mature"the"eels,"stripping"of"gametes,"and"artificial"fertilization"of"the"eggs."This"process"has"resulted"in"production"of"viable"eggs"and"larvae"of"this"species.""For"the"European"eel," farming"of"eels" from"glass"eels" to" the"marketable" size" is"well" established,"and" experimental" research" in" the" PRO\EEL" project" has" led" to" mass" production" of" viable"offspring,"living"up"to"20\22"days"(Tomkiewicz"2014,"pers."comm.)."One"of"the"challenges"that"European"eel" aquaculture" faces" is" to"establish" feeding" culture"of" larvae," thereby"closing" the"gap" between" yolk\sac" larvae" and" the" production" of" glass" eels," which" relies" on" information"about" their" nutritional" and" physical\chemical" requirements." Furthermore," attaining" a" self\sustained" aquaculture" requires," enhancing" feed" composition" for" farmed" broodstock" eels" to"allow"optimal"gamete"and"larval"quality"in"culture."In"addition,"there"is"a"need"to"improve"the"
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treatment" procedures" used" for" maturation" of" gametes." In" particular," the" proportion" of"responders" and" the" quality" of" the" eggs" obtained" from" hormonally" treated" females" varies"substantially."A"requirement"of"the"aquaculture"industry"is"the"production"of"a"large"number"of"viable"eggs"with"high"survival"(Lubzens"et(al.,"2010,"Mylonas"et(al.,"2010)."There"is,"in"this"context," still" a" need" for" improving" protocols" for" higher" efficiency" of" egg" production" and"viability" of" offspring" in" European" eel." Main" gaps" remain," however," in" understanding" the"dynamic" processes" associated" with" oogenesis" and" the" reproductive" strategy," including"ovarian"organization,"ovulation"and"spawning"pattern."""""
2 Reproduction&in&teleost&fish&"Fish" reproduction" covers" a" suite" of" functional" traits," such" as" size" at" sexual" maturation,"fecundity," and" spawning" frequency." In" fact," fish" possess" an" array" of" different" reproductive"strategies" that" span" from"reproducing"once" in"a" life" time" to"sustaining"many"generations"of"offspring,"producing"large"amounts"of"eggs"or"being"live"bearers"with"parental"care,"and"some"even" change" sex" during" their" life" time," i.e." hermaphrodites." This" chapter" focuses" on"reproductive"strategies"that"relate"to"characteristics"of"female"egg"production"and"variation"in"the" way" that" the" costs" of" reproduction" are" managed" (e.g." Murua" &" Saborido\Rey" 2003,"McBride"et(al.,"2013)."""
2.1&Energy&allocation&&"Most"fishes"store"energy"in"their"muscle"or"liver"tissue,"and"use"large"parts"of"these"resources"to" produce" viable" eggs" and" thereby" offspring." Two" terms," ‘‘capital" breeding’’" and" ‘‘income"breeding’’" describe" in" the" first" case" the" situation" in" which" reproduction" is"managed," using"stored" capital;" while" the" second" refers" to" the" use" of" concurrent" intake" to" support" a"reproductive"attempt"(Stephen"et(al.,"2009,"McBride"et(al.,"2013)."Thus,"capital"breeders"store"energy" for" reproduction" prior" to" entering" the" reproductive" cycle," while" income" breeders"spawn" using" energy" acquired" throughout" a" prolonged" spawning" season," allocating" energy"directly"to"reproduction."However,"many"species"exhibit"mixed"capital\"and"income\breeding"
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patterns"(McBride"et(al.,"2013)."Examples"of"capital"breeders"include"eel"and"herring"(Clupea(
harengus,"Linnaeus"1758),"while" income"breeders"encompass"species" like"sardines" (Sardina(
pilchardus,"Walbaum"1792)"and"zebrafish"(Danio(rerio,"Hamilton"1822)."Some"of"these"fishes"store"energy"in"the"muscle,"i.e."fat"fishes,"e.g."eel"and"herring,"while"others"store"energy"in"the"liver"i.e."lean"fishes,"e.g."cod"(Gadus(morhua,"Linnaeus"1758)"and"plaice"(Pleuronectes(platessa,"Linnaeus"1758)."The"capital"breeders"have"a"long"development"time"from"start"of"maturation"(oogenesis)"until"spawning,"and"they"only"start" to"mature" if" their"energy"storage" is" full."The"income"breeders,"have"a" short"maturation" time"and" spawn"as"much"as"possible" as" long" the"conditions"are"adequate,"i.e."food"availability"and"temperature"(McBride"et(al.,"2013)."""""
2.2&Oogenesis&and&ovarian&morphology&&The" ovary" in" teleosts" is" a" paired" structure" that" is" attached" dorsally" in" the" coelom" by" the"mesenteries"(Grier"et(al.,"2009)."The"ovary"can"have"a"secular"structure,"containing"an"ovocoel."This"is"a"cystovarian"structure,"found"in"e.g."herring"and"cod."Some"fish"species"do"not"have"an"ovocoel,"but"ovulate"directly"into"the"blastocoel"in"the"abdominal"cavity,"where"a"funnel"leads"to" the" release" of" eggs." Eels" and" trout" (Salmo(trutta," Linnaeus"1758)," for" example," have" this"gymnovarian"structure.""The"egg"development"process"is"called"oogenesis"and"in"fishes"it"follows"a"universal"pattern."The" oogenesis" can" be" divided" into" six" stages" [oogonial" proliferation," chromatin" nucleolus"stage" (CN)," primary" growth" (PG)," secondary" growth" (SG)," oocyte" maturation" (OM)" and"ovulation"(OV)]."These"stages"are"most"common"in"fish"or"other"vertebrates"that"produce"eggs"with"yolk"(Grier"et(al.,"2009)"("Figure" 4)." The" first" stage," oogonia" proliferation," starts" with" cell" nests" in" the" germinal"epithelium."A"cell"nest"is"a"cluster"of"germ"cells." "The"cell"nest"contains"oogonia"that"develop"into"the"chromatin"nucleolus"stage"and"the"PG"stage"("Figure"4"a\b)."An"oognium"is"the"early"stage"in"the"germ"cell"formation"(Grier"et"al.,"2009)."The"germ"cells"are"in"close"contact"in"the"cell"nests,"where"meiosis"occurs"and"their"development"is"fairly"synchronized.""When"the"prefollicle"cell"process"begins,"the"cell"nest"is"dissolved"and"the"oocytes" are" progressively" isolated" from" one" another." This" is" the" beginning" of" the"folliculogenesis," which" is" the" development" of" the" ovarian" follicle" (Grier" et" al.," 2009)."Eventually," prefollicle" cells" completely" surround" individual" oocytes," which" then" become"
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follicles."By"the"time"PG"stage"begins"the"folliculogenesis"is"still"incomplete"(Grier"et"al.,"2009)."In"the"PG"stage,"oil"droplets"(in"some"species)"and"cortical"alveoli"(CA)"will"occur"("Figure"4c)."In"fish"that"produce"pelagic"eggs,"the"CA"seems"to"restrict"to"the"oocyte"periphery."When"fertilization"happens,"the"CA"will"harden"the"zona"pellucida"and"protect"the"egg"against""""""""""re\fertilization"and"physical"injury"(Grier"et(al.,"2009).""
"
!
Figure!4:!The!oogenesis!of!the!Baltic!cod.!(a)H(b)!primary!Growth,!(c)!secondary!Growth,!(d)H(e)!vitellogenesis,!(f)!
hydrated!egg,!(g)!encapsulated!residual!eggs!and!(h)!postovulatory!follicle.!n,!nucleus;!nu,!nucleolus;!f,!follicle;!cnr,!
circumnuclear!ring;!ch,!chorion;!ca,!cortical!alveoli;!yg,!yolk!granules;!ct,!connective!tissue!(Tomkiewicz!et#al.,!2003).!
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"The"SG"stage"comprises"vitellogenesis"(VT),"where"yolk"and"potentially"lipid"is"built" into"the"oocyte."The"SG"stage"can"be"divided"into"an"early"SG,"a"late"SG,"and"a"full\grown"oocyte"("Figure" 4d\e)," also" referred" to" as" VT1," VT2," and" VT3," respectively." During" vitellogenesis," the"oocyte"increases"in"size"and"becomes"globular."In"the"full"grown"SG"oocyte,"the"CA"are"located"round"the"edge"of"the"zona"pellucida,"and"oil"droplets"if"present,"cluster"around"the"germinal"vesicle"(Grier"et(al.,"2009)."The"final"stage"before"OV"is"the"OM."The"germinal"vesicle"(nucleus)"migrates"from"an"eccentric"position"to"periphery"of"the"ooplasm."Due"to"hydration,"the"follicle"will"increase"significantly"in"size,"thereby"increasing"its"buoyancy"("Figure"4f)"(Grier"et(al.,"2009)."When"the"oocyte"is"mature,"it"will"be"released"from"the"follicle"and" ovulated" into" the" ovarian" lumen" as" an" egg." During" ovulation," the" egg" will" continue" to"increase"because"of" the" continued"hydration"of"yolk"protein" (Grier"et(al.," 2009)."The" follicle"cells"remain"in"the"ovary"as"postovulatory"follicles"(POF)"after"the"ovulation"of"the"egg"("Figure"4h)."The"POF"remains"consist"of"a"basement"membrane,"theca"and"follicle"cells,"and"are"gradually"absorbed"(Grier"et(al.,"2009).""
&
2.3&Female&reproductive&strategies&&"Fish" have" different" reproductive" strategies" (Murua" &" Saborido\Rey" 2003;" McBride" et( al.,"2013)." Murua" &" Saborido\Rey" (2003)" categorized" aspects" of" the" female" reproductive"strategies" for" different" marine" teleosts" into" breeding" opportunities," ovarian" organization,"fecundity"type,"and"spawning"pattern"(Table"1).""
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Table!1:!Categorization!of!female!reproductive!strategies!among!different!marine!fish!species,!including!breeding!
opportunities,!ovarian!organization,!fecundity!type,!and!spawning!pattern!(from!Murua&SaboridoHRey,!2003).!!
""“Breeding" opportunities”" are" categorized" into" two" types," i.e." semelparous" or" iteroparous"(Murua"&"Saborido\Rey,"2003,"McBride"et(al.,"2013)."Most" fish"are" iteroparous,"which"mean"the" individual" fish"has"multiple"breeding" seasons" (e.g." herring"and" cod),"while" semelparous"species" spawn" once" and" die" (e.g." European" eel" and" Pacific" salmons" (Oncorhynchus" sp.,"Walbaum"1792)."Three"types"of"ovarian"organization"are"distinguished:"Synchronous,"group\synchronous,"and"asynchronous"(Table"1,"Figure"5)"(Murua"&"Saborido\Rey,"2003,"McBride"et(
al.," 2013)." The" ovarian" organization" describes" oocyte" development" within" the" ovary." The"synchronous" type" means" that" all" oocytes" in" the" ovary" develop" at" the" same" time" during"maturation"(Figure"5,"a\f),"e.g."Pacific"salmon"(Lubzens"et(al.,"2010;"McBride"et(al.,"2013)." In"group\synchronous"ovarian"organization" (Figure"5," g\l,)" at" least" two"populations"of" oocytes"can"be" recognized"during"maturation."While"vitellogenic"oocytes"develop," a" residual"pool"of"
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undeveloped"oocytes"remain"for"future"spawning"events,"e.g."cod"and"herring"(Lubzens"et(al.,"2010;"McBride"et(al.,"2013)."If"the"ovarian"organization"is"asynchronous"(Figure"5,"m\r),"there"is"no"dominant"population"of"oocytes,"and"oocytes"of"different"stages"of"development"will"be"present" as"well" as"undeveloped"oocytes"during"maturation," e.g." sprat" (Lubzens"et(al.," 2010;"McBride"et(al.,"2013)."
"
Figure!5:!Ovarian!organization!in!teleosts.!Synchronous!(aHf)!development!of!oocytes!is!when!all!oocytes!develop!and!
ovulate!at!the!same!time.!When!ovarian!organization!is!groupHsynchronous!(gHl)!at!least!two!populations!of!oocytes!
will!be!present,!e.g.!vitellogenesis!and!maturation.!Asynchronous!(mHr)!oocyte!maturation!is!when!all!oocytes!stages!
are!present.!PG:!primary!growth!oocytes!i.e.!undeveloped!oocytes;!SG:!Secondary!growth!i.e.!vitellogenesis;!OM:!
oocyte!maturation.!Figure!modified!from!McBride!et#al.,!2013.!
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Fecundity" is"another" important"parameter" in" fish"reproduction"biology," referring" to" the"egg"production"capacity."The"potential"fecundity"is"the"number"of"eggs"that"a"female"produces"and"the" realized" fecundity" is" the" actual" number" of" eggs" released," while" batch" fecundity" is" the"number"of"eggs"in"each"batch"(see"below)"(Murua"&"Saborido\Rey,"2003)."Two"categories"of"fecundity"are"distinguished:"Determinate"or" indeterminate" (Table"1)."Determinate" fecundity"denotes"a"strategy,"where"the"female"fish"recruits"all"eggs"to"be"spawned"early"in"development"and" a" distinct" hiatus" forms" between" the" developing" and" undeveloped" oocytes," e.g." cod" and"herring"(Murua"&"Saborido\Rey,"2003).""The"amount"of"eggs"recruited"and"developed"depends"on" the" individual" energy" reserves" (capital" spawners)" and" conditions" in" the" environment"(McBride" et(al.," 2013)." Indeterminate" fecundity" refers" that" recruitment" of" oocytes" continue"thereby"forming"successive"batches"of"eggs"developing"in"the"ovary"and"thus"no"hiatus"forms"during" the" maturation" and" spawning" phase," e.g." sprat" (sprattus( sprattus," Linnaeus" 1758)"(Murua&Saborido\Rey," 2003)." These" species" begin" maturation" of" oocytes" when" the"environmental" conditions" (e.g." food" availability," temperature," etc.)" are" suited" (income"breeders)" (McBride" et( al.," 2013)." However," when" the" conditions" are" sub\optimal" or" food"resources"or"energy" level"are" low," the" indeterminate" spawners"absorb"all"maturing"oocytes"and" end" spawning." Spawning" also" follows" two" different" patterns:" Total" spawner" or" batch"spawner" (Table" 1)" (Murua" &" Saborido\Rey," 2003)," which" is" related" to" the" ovarian"organization" and" the" fecundity" type." Total" spawners," spawn" all" the" eggs" as" part" of" one"spawning"event,"while"batch"spawners"spawn"their"eggs"in"portions"over"a"prolonged"period"(from"weeks"to"months)"(Murua"&"Saborido\Rey,"2003).""These"reproductive"characteristics"group"in"specific"patterns"(Table"1"and"Figure"5)(Murua"&"Saborido\Rey,"2003,"McBride"et(al.,"2013)."These"reproductive"patterns" in"combination"with"environmental"factors"determine"the"species"egg"production"capacity"in"nature"and"in"culture,"and" impacts" thereby"management" decisions" and" aquaculture" practices." A" proficient"way" to"establish" whether" or" not" a" fish" has" synchronous," group\synchronous" or" asynchronous"development,"and"batch\"or"total"spawning"is"to"use"histology"and"microscopy.""
2.4&Histological&techniques&for&reproductive&morphology&Histological"methods"are"the"golden"standard"for"identification"of"fish"reproductive"strategies."Preservation" and" preparation" of" gonadal" tissue" for" microscopy" allows" detailed" studies" of"ovarian"morphology" and" oocyte" characteristics." Application" of" this"method" is" the" basis" for"
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determination"of"the"reproductive"strategies"that"are"discussed"in"2.2"Oogenesis"and"ovarian"morphology”"and"2.3"Female"reproductive"strategies”."The" histological" tissue" processing" includes" fixation" and" embedding," sectioning" of" the"embedded" tissue" samples," mounting" on" slides," and" staining" (Appendix" 1" and" Appendix" 2)."These" slides" are" studied" under" a" microscope," revealing" various" structures" that" can" be"enhanced" by" different" staining" methods." Using" this" technique," the" different" stages" of"oogenesis" and" the" ovarian" organization" can" be" determined" (e.g." Tomkiewicz" et( al.," 2003;"Lowerre\Barbieri"et(al.,"2011).""Different" histological" embedding" media" exist" –" two" commonly" used" methods" for" light"microscopy"includes"paraffin"and"historesin."Embedding"in"paraffin"is"an"efficient"method"that"allows" fast" processing" of" large" numbers" of" tissue" samples" due" to" partial" automated"procedures." In" comparison," historesin" is" more" labor" intensive," but" allows" higher" quality"sections,"because"it"is"a"firmer"material,"and"shrinkage"and"compression"during"sectioning"of"tissue"are"reduced"(Quintero\Hunter"et(al.,"1991)."" """""""""""""""
Figure!6!Application!of!histology!to!characterize!different!reproductive!strategies.!Modified!from!LowerreHBarbieri!
et#al.,!2011.!
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The"aim"of"staining"the"tissue"is"to"emphasize"different" characteristics" of" different" oocyte"stages" and" cells" in" the" tissue" of" the" female"ovary." Staining" with" hematoxylin" and"counter" staining" with" eosin" (H&E)" is" a"frequently" used" staining" method."Hematoxylin" is"an"alkaline"dye" that"binds" to"the"DNA"and"RNA"in"the"nucleus."Eosin"is"an"acidic" stain" that" binds" to" tissues" rich" in"protein."Hematoxylin"stains"the"nucleus"blue"and" eosin" gives" a" red/pink" color" to" e.g."cytoplasm," muscle" fibers," collagen" and" the"red"blood"cells"(Appendix"1).""""A"simpler"staining"method"is"“toluidine"blue”"that"is"a"basic"thiazine"metachromatic"dye"with"high" affinity" for" acidic" tissue" components." It" stains" nucleic" acids" blue" and" polysaccharides"purple,"and"increases"contrast"of"tissue"components" in"histological"slide" images,"e.g."cortical"alveoli"and"adipose"tissue"that"remain"unstained"become"clearly"visible."" """"""""""
"
Figure!7:!Micrograph!showing!oocyte!development!and!
ovarian!organization!in!sprat,!in!spawning!stage.!The!
sample!illustrates!a!species!with!asynchronous!oocyte!
development!and!indeterminate!fecundity,!with!
successive!cohorts!of!oocyte!present!simultaneously!in!
the!ovary.!Bar:!500!μm.!Embedding!and!staining:!Paraffin!
and!H&E.!Photo:!Jonna!Tomkiewicz,!DTU!Aqua.!
Figure!8:!Micrograph!showing!developing!PG!oocytes!
among!adipocytes!in!the!ovary!of!European!eel,!that!has!
a!lamellar!structure.!The!oocyte!cytoplasm!and!nuclei!
appear!bright!blue,!while!the!lipid!droplets!and!
adipocytes!remain!unstained.!Bar:!50!μm.!Embedding!
and!staining:!Historesin!and!toluidine!blue.!Photo:!Julie!
Josias!Nielsen,!RUC/DTU!Aqua.!Original.!
" 16"
Another" recently" developed" advanced" staining" method" that" involves" three" steps" is" PAS" \"metanil" yellow"–"hematoxylin" (Quintero\Hunter"et(al.," 1991)."Periodic"Acid\Schiff" (PAS)" is" a"staining"method,"which"is"mainly"used"for"staining"structures"containing"a"high"proportion"of"carbohydrate"macromolecules"(glycogen,"glycoprotein,"proteoglycans),"typically"found"in"e.g."connective"tissues,"mucus,"and"basal"laminae/membranes."Reaction"with"Schiff"reagent"stains"carbohydrate"macromolecules"purple\magenta."By"using"metanil"yellow"as"a"counterstain"to"the"PAS/iron\hematoxylin" (see"above)," the"acidophilic" components" stains"yellow"or"yellow\tan."The"cortical"alveoli"are"well\defined,"when"this"counterstain"is"used."PAS\positive"cortical"alveoli" are" contrasted" against" brownish" green" yolk" granules" (protein)" in" oocytes" that" have"entered" the"vitellogenesis."PAS\positive"basement"membranes"and"blood"vessels"are" clearly"outlined" and" in" non\vitellogenic" oocytes" are" nuclear"membranes," chromatin" and" nucleolus"easily"recognized"(Quintero\Hunter"et(al.,"1991)."" """""""""""""""In"all"staining"methods,"there"can"be"a"variation"in"the"intensity"of"the"staining"due"to"e.g."the"different"chemical"compositions"of"tissue"elements"among"fish"species," the"chemical" fixation"of"the"tissue,"and"the"embedding"medium.""In"Section"3,"oocyte"and"ovarian"development"in"European"eels"that"were"hormonally"treated"in"experiments,"is"analyzed"histologically"to"investigate"the"female"eel"reproductive"strategy."" "
Figure!9:!Micrograph!showing!vitellogenic!SG!oocytes!in!the!
ovary!of!European!eel.!The!purpleHmagenta!cortical!alveoli!are!
unmistakably!contrasted!against!the!brownish!green!yolk!
granules!and!lipid!droplets!in!the!ooplasm!of!the!oocyte.!The!
basement!membranes!are!clearly!outlined.!Bar:!20μm.!
Embedding!and!staining:!Historesin!and!PAS,!metanil!yellow,!
hematoxylin.!Photo:!Jonna!Tomkiewicz,!DTU!Aqua.!Original.!!
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3 Oogenesis&and&ovarian&development&in&European&eel&&"
3.1&Introduction&"The"European"eel"is"a"catadromous"species"that"migrates"6000"km"to"the"Sargasso"Sea,"which"is"their"assumed"spawning"area"(Smith,"1922," in(Rindom"et(al.,"2014)."Although"part"of"their"migration"route"has"recently"been"mapped"(Aarestrup"et(al.,"2010),"spawning"eels"have"never"been" caught," and" the" reproductive" phase" of" this" species" remains" an" enigma." During" the"continental"immature"yellow"stage,"the"eels"build"up"lipid"reserves"in"the"muscle,"gonads,"and"viscera"(Tesch,"2003)."The"eel"completely"depends"on"stored"lipid"and"body"resources"for"the"migration"and"reproduction"(van"Ginneken"&"van"der"Thillart,"2000),"as" it"ceases" feeding"at"the" onset" of" silvering," which" marks" the" initiation" of" sexual" maturation" and" spawning"migration."A"dopamine"inhibition"at"the"pituitary"level,"however,"arrests"gonadal"development"(Weltzien"et(al.," 2009)" and" the" release" of" this"mechanism" that"must" be" released"during" the"migration"or"on"arrival"at"the"spawning"site,"remains"unknown."This"inhibition"at"the"pituitary"level"is"the"reason"why"eels"do"not"breed"naturally"in"captivity"and" lack"of"knowledge"about" these"hormonal"mechanisms," controlling"maturation,"hampers"captive" breeding" of" eels." However," the" inhibition" can" be" overruled" through" hormonal"treatment" that" stimulates" gametogenesis," leading" to" viable" egg," sperm," and" offspring"production"in"European"and"Japanese"eel"(Ohta"et(al."1997;"Kagawa"et"al."2005;"Tomkiewicz"2012;" Butts" et( al.," 2014)." Thus," Japanese" scientists" have" succeeded" in" reproducing" the"Japanese" eel" and" completed" the" lifecycle" in" culture" (Ohta" et" al." 1997;" Kagawa" et" al." 2005)."These"studies"use"hormonal"injection"of"SPE"to"initiate"vitellogenesis"in"female"eels,"stripping"of" gametes," and" artificial" fertilization" of" the" eggs." Although," this" process" has" resulted" in"production"of"viable"eggs"in"both"species,"the"oocyte"development"and"maturation"appears"to"be"heterogeneous"(Tomkiewicz"&"Jarlbæk,"2008;"Palstra"et(al.,"2005)."Therefore," it"has"been"questioned" whether" this" asynchronous" development" results" from" sub\optimal" hormonal"treatment"or"reflects"the"natural"path"of"oogenesis"in"eel"(Palstra"et(al.,"2005)."""A"common"perception"is"that"eels"are"semelparous,"i.e."they"mature"and"spawn"only"once"and"die."Female"eel"are"supposed"to"be"total"spawners,"developing"oocytes"synchronously,"and"to"spawn"all"eggs"during"one"single"spawning"event"(e.g."Murua"&"Saborido\Rey,"2003;"Mylonas"
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et( al.," 2009;"McBride" et( al.," 2013)." Following" this" reproductive" strategy," female" eels" would"recruit" all" oocytes" early" in" the" maturation" phase," and" oocyte" development" would" proceed"synchronously" throughout" vitellogenesis," leading" to" simultaneous" oocyte" development" and"release"of"all"eggs"in"one"single"spawning"event"(Murua"&"Saborido\Rey,"2003;"McBride"et(al.,"2013)."Reproduction"experiments,"however,"indicate"that"eels"may"not"be"total"spawners,"but"rather" spawn" their" eggs" in" batches" (Tomkiewicz" &" Jarlbæk," 2008;" Lowerre\Babieri" et( al.,"2011)."Thus,"eggs"from"a"second"batch"have"been"successfully"stripped,"fertilized,"and"resulted"in"larval"hatch"(Tomkiewicz"&"Jarlbæk,"2008;"Tomkiewicz,"unpubl."data)."In" this" context," the" overall" objective" of" the" present" study" is" to" investigate" and" describe"oogenesis"and"ovarian"development"in"female"European"eels"subjected"to"hormonal"treatment"(SPE),"thereby"evaluating"their"reproductive"strategy."The"hypothesis"forwarded"here"is"that"European"eel"oocyte"development"is"asynchronous"and"that"they"spawn"their"eggs"in"several"batches"over"an"extended"spawning"period."""
3.2&Materials&and&methods&"The" study" used" farmed" female" European" eels" reared" at" a" commercial" eel" farm" (Stengård,"Jutland,"Denmark)."In"total,"24"females"were"used"in"this"experiment"(mean"standard"length"and"body"weight"±"SD"were"74.8"±"4.2"cm"and"933.7"±"152.0"g,"respectively)."The"eels"were"transported"to"a"research"facility"of"the"Technical"University"of"Denmark"“Lyksvad”"in"aerated"transportation"tanks."Here,"the"eels"were"transferred"to"300"L"tanks"with"closed"re\circulation"systems," and" acclimatized" to" artificial" saltwater" (Tropic" Marin" Sea" Salt," Dr." Biener" GmbH,"Wartenberg," Germany)" over" a" period" of" 14" days." Prior" to" the" experiments," females" were"injected"with"a"passive"integrated"transponder"(PIT"tag)"in"the"dorsal"muscle."For"each"female"weight"and"length"was"recorded."During"the"experiments,"the"females"were"kept"at"a"salinity"of"36"‰,"a"temperature"of"~19"to"21℃,"and"under"dimmed"light"conditions"at"app."20"lux"with"a"natural"day" length"with"gradual" transition"over"30"min."No" feed"was"provided"during" the"experiments"to"imitate"the"behavior"of"migrating"silver"eels"that"cease"feeding"(Tesch,"2003).""Four"randomly"selected"females"were"sacrificed"prior"to"hormonal"treatment."The"remaining"20" females" were" randomly" distributed" into" two" groups." To" induce" vitellogenesis" females"received" weekly" injections" of" SPE" (Argent" Chemical" Laboratories," Washington," USA)." One"
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group" (treatment"1)" received"a"dose"18.75"mg"SPE/kg"body"weight"per" injection,"while" the"second" group" (treatment" 2)" received" 12.5" mg" SPE/kg" body" weight" per" injection" for" four"weeks,"followed"by"a"dose"of"25"mg"SPE/kg"body"weight"per"injection."Every"third"week,"four"female"eels"were"sacrificed;" two"per" treatment."Sampling" included"total"body"weight,"ovary,"liver,"and"gutted"weight."Ovarian"tissue"was"subsampled,"including"16"slabs"from"each"female,"and" preserved" in" formaldehyde" buffered" with" NaH2PO4\H2O" and" Na2HPO4\2H2O" for"histological"analysis.""In"the"laboratory,"one"random"sub\sample"of"ovarian"tissue"from"each"female"was"embedded"in"paraffin,"and"another"sub\sample"in"historesin."The"tissue"was"dehydrated"and"embedded"in"paraffin"using"standard"procedures"(Appendix"1"and"Appendix"2)."Each"block"was"sectioned"at"5"!m"using"an"automated"microtome" (Thermo"Scientific," Shandon"Finesse"Me+)."Paraffin"sections" were" stained" using" hematoxylin" &" eosin" (H&E)" and"mounted" using" Eukit" (Sigma\Aldrich)" (Appendix" 1)." Historesin" sections" were" stained" using" either" PAS" Metanil" yellow"hematoxylin" (Quintero\Hunter" et( al.," 1991)" or" Toluidine" Blue" and" mounted" using" Tissue"mount"(Sakura)(Appendix"2)."""""The" histological" tissue" preparations" were" examined" under" microscope" (Olympus" BX53),"photographed" using" an" Olympus" DP71" camera," and" analyzed" applying"microscopy" imaging"software"(CellSens"Entry,"Olympus)."All"the"sections"were"screened"to"identify"different"oocyte"stage," using" the" categorization" of" Grier" et( al." (2009)" considering" oogonia" (OO)," chromatin"nucleus"stage"(CN),"primary"growth"oocytes"(PG),"secondary"oocytes"(SG),"oocyte"maturation"(OM)"and"postovulatory"follicles"(POF)"as"well"as"adipocytes"(AD).""""Data"analysis"included"calculation"of"gonado\somatic"index"(GSI),"hepato\somatic"index"(HSI)"and"Fulton’s"condition"factor,"K,"to"investigate"the"resource"allocation"in"European"eel"in"as"a"function" of" hormonal" treatment" and" oocyte/ovarian" development" (oocyte" stage)." GSI" was"calculated"as"!"#$%&! "#$!!!"##$%! "#$!! ∙ 100,"HSI"as," !"#$%! "#$!!!"##$#! "#$!! ∙ 100," and"K,"!"#$%! "#$!!!!"#$%! "#$!!!"#$%!! ∙ 100."GSI" and" HSI" were" calculated" as" organ" mass" relative" to" somatic" weight," indicating" the"allocation"of"resources"among"body"parts."The"condition"factor"reflects"relative"loss"of"somatic"weight" to"metabolism"and"reproduction." In"week"16," three" females"were"not"dissected"(one"died,"and"two"got"overripe)"while"one"female"was"stripped."In"this"case,"the"GSI"was"calculated"as" the" gonad" weight" plus" the" stripped" eggs." Lever" weight" for" the" four" females" with" no"treatment"was"not"collected.""
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3.3&Results&"Figure" 10" shows" GSI," HSI" and" condition," K," from" the" sampled" females" as" a" function" of"treatment"given"as"the"number"of"weekly"injections."The"GSI"shows,"that"the"GSI"of"sampled"females" tended" to" increase" with" number" for" injection," but" with" a" considerable" variation"among"females"(Figure"10A)."The"GSI"of"some"females"was"still"very"low"towards"the"end"of"the"experiment,"while"the"end"GSI"was"very"high"for"others"compared"to"the"initial"GSI"levels."The" female" in" week" 16" shows" an" extreme" GSI." This" female" was" stripped" and" the" GSI" was"calculated"as"the"ovary"weight"plus"the"amount"of"stripped"eggs"(412g)."The"increase"in"GSI"did" not" show" any" dependency" of" hormonal" treatment" (1" and" 2)," but" rater" substantial"difference"in"responsiveness"and"effect"of"treatment"among"the"different"females"sampled"at"different"occasions."""The" HSI" tended" to" increase" with" the" number" of" treatments," indicating" the" onset" of"vitellogenesis,"where"yolk"protein"is"synthesized"in"the"liver"(Figure"10B)."Similar"to"the"GSI,"a"large"variation"in"the"effect"of"treatment"on"HSI"among"females"was"observed.""""Fulton’s"condition"factor,"K,"calculated"as"the"somatic"weight,"decreased"with"the"number"of"hormonal" treatments," indicating" that" the" females" have" allocated" the" energy" to" the" ovarian"maturation"and"metabolism"(Figure"10C)."The"female"sampled"in"week"16"that"was"stripped"showed"a"particular"decrease"in"condition."The"progression"of" the"oocyte"development"was"described,"using"histology."The"histological"characteristics"of"adipocytes"and"different"oocyte"development"stages"(CN"!"POF)"in"sampled"ovaries"are"shown"in"Figure"11."There" is"an"accumulation"of" lipid" in"ovarian"adipocytes"and"mesenteries"during"the"yellow"eel"stages,"illustrated"in"the"controls"prior"to"treatment"(Figure"11A)."Figure"11B\C"shows"clearly"defined"oocytes" in"PG"stage"with" few"or"multiple"nucleoli"and"oil"droplets"increasing"in"number"and"size"with"increasing"oocyte"size"(referred"to"as"LV2"and" LV3)." These" oocytes"were" stained"with" PAS,"metanil" yellow," hematoxylin" (Figure" 11B)"and" H&E" (Figure" 11C)." Figure" 11F" shows" an" SG" oocyte"where" larger" lipid" droplets" form" a"circum"nuclear"ring"and"yolk"granules,"staining"red,"have"appeared"(referred"to"as"VT1)."""" "
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Figure!10:!GSI,!HSI!and!condition,!K,!in!relation!to!the!number!of!hormonal!treatments!(wks)!in!female!European!eel.!
Black!dots!are!female!eels!prior!to!experiments,!receiving!no!treatment,!blue!dots!are!female!eels!receiving!
treatment!1,!and!the!red!dots!are!female!eels!receiving!treatment!2,!red!dot!with!no!fill!in!week!16!is!the!stripped!eel!
in!treatment!2.!
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Figure!11:!Different!oocyte!development!stages!in!female!European!eel.!Blue!scale!bar:!50μm.!Black!scale!bar:!
100μm!White!scale!bar:!200μm.!A,!C,!E!and!H.!Embedding!and!staining:!Historesin!and!PAS,!metanil!yellow,!
hematoxylin.!B,!D,!F,!G!and!I.!Embedding!and!staining:!Paraffin!and!H!&!E.!Photo:!Julie!Josias!Nielsen,!RUC.!!
!
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Figure" 11D" and" E" show" oocytes" in" the" second" growth" phase" with" accumulation" of" yolk"granules"(referred"to"as"VT2)."In"oocytes,"stained"in"H&E"(Figure"11D),"it"is"difficult"to"identify"CA," because"H&E"neither" stains" CA"nor" oil" droplets,"while" yolk" globules" are" stained" red." In"contrast," the" PAS,"metanil" yellow," hematoxylin" stain," gives" yolk" globules" a" brownish\green"color,"CA"a"purple"color,"while"the"lipid"droplets"do"not"stain,"and"the"difference"in"visibility"of"characteristics" among" staining" methods" is" significant" (Figure" 11D\E)." The" membrane" is"clearly"outlined"and"the"theca"cells"are"visible"round"the"edge."Figure"11G"and"H"shows"oocyte"with"migrating"nucleus" in" the"maturation" face" (OM)" and" an"oocyte"under"hydration" (HYD)."During"this"process"the"oil"droplets"fuse"creating"fewer"and"larger"droplets."Figure"11I"shows"the"follicle"remaining"in"the"ovary"after"ovulation"of"the"egg"(POF),"which"appears"as"a"folded"structure."Figure"13A\C,"show"further"examples"of"characteristics"between"staining"methods,"including"also"Toluidine"Blue"that"contrasts"lipid"droplets"and"CA"against"cytoplasm"and"yolk"granules,"but"does"not"allow"to"distinguish"lipid"droplets"and"CA."Thus"in"fishes"that"have"lipid"droplets,"the"PAS,"metanil"yellow,"hematoxylin"makes"CA"recognizable,"making"it"possible"to"distinguish"between"PG"incl."CA"stage"and"SG"initiated"by"VT1."The"ovaries"were"all"categorized"into"stage,"using"the"most"developed"oocytes"in"indicator"of"ovarian"development."Figure"12"shows"the"GSI,"HSI"and"K"in"relation"to"ovarian"development"aligned" according" to" oocyte" stage." When" the" ovaries" were" aliened" according" to" stages" of"oocyte" development," the" GSI" increased" with" progressive" development" and" the" variation"among"the"females"declined"(Figure"12A)."Similarly,"the"increase"in"HSI"showed"an"increase"in"the" vitellogenic" stages," although" the" variability" was" high" among" females" (Figure" 12B)."Furthermore," the"relation"between"development"and" the"somatic"condition" factor"showed"a"clear"decline"in"somatic"weight"as"development"progressed"(Figure"12B)."""""""Figure" 13D\F" illustrates" the" composition" of" oocytes" at" different" stages" of" ovarian"development." In"Figure"13D"and"F," the"ovaries"are" in"the"transition"from"the"primary"to"the"secondary"growth"phase."The"composition"of"oocytes"shows"a"range"from"CN"to"VT1"and"the"amount"of"adipocytes"in"the"tissue"varies"between"ovaries"from"different"females."Figure"13F"shows"the"composition"of"oocytes"in"the"ovary"of"the"stripped"females."The"ovary"comprises"oocytes"in"HYD"and"presence"of"POF"with"many"growth"stages"of"oocytes"present"in"the"tissue,"ranging" from" PG" via" SG" to" HYD" and" POF." Within" groups," the" development" appears" to" be"relatively" similar." This" pattern" of" ovarian" organization" indicate" asynchronous" oocyte"development"and"the"batch"spawned"was"successfully"fertilized.""""
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Figure!12:GSI,!HSI!and!condition,!K,!in!relation!to!ovarian!development!categorized!according!to!the!most!developed!
stage!in!all!sampled!female!European!eel!in!the!experiment.!Green!dots!are!all!the!female!eels!in!the!experiment.!
PN!LV1,!LV2,!LV3,!LV4,!VT1,!VT2,!VT3!and!OM!POF!refer!to!the!oocyte!stages!in!the!oogenesis.!
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Figure!13:!Oocyte!development!and!ovarian!organization!in!female!European!eel.!Blue!scale!bar:!50μm.!Black!scale!
bar:!100μm!White!scale!bar:!200μm.!A,!D!and!F.!Embedding!and!staining:!Historesin!and!PAS,!metanil!yellow,!
hematoxylin.!B.!Embedding!and!staining:!historisin!and!Toluidine!blue.!C!and!E.!Embedding!and!staining:!Paraffin!
and!hematoxylin&eosin.!Photo:!Julie!Josias!Nielsen,!RUC.!!
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3.4&Discussion&The" European" eel" is" the" ultimate" captive" breeder" that" ceases" feeding" once" silvering" is"initiated," and" energy," nutrients" and" minerals" allocated" to" the" ovary" during" maturation"primarily" come" from" the" soma" (Stephen"et(al.," 2009,"McBride"et(al.," 2013)." It" is" anticipated"that" the" eel" optimize" energy" stored" for" oocyte" development" and" uses" minimum" of" energy"during" the"migration" (van"Ginneken"&" van"der"Thillart," 2000)." This" energy" is" stored" in" the"muscle,"mesentery" and"ovary," and"when"oogenesis" is" initiated" through"hormonal" influence,"resources"are"allocated"to"the"vitellogenesis,"through"synthesis"of"yolk"globules"in"the"liver."In"the"present"study," the" liver"was" found" to" increase" in"size" (HSI)"as"vitellogenesis"progressed"(GSI),"which"most" likely"reflect" its"active"role" in" the"synthesis"of"yolk,"and"at" the"same"time"somatic"resources"were"reduced"(condition,"K)."""Histological" methods" were" used" to" identify" and" define" the" different" oocyte" stages" and"investigate"oogenesis"and"ovarian"development."Toluidine"blue" is"a"quick"way" to"determine"the"occurrence"of"CA"in"fish"that"have"yolk"grains"or"vesicles"(like"cod"and"herring)"(Grier"et(
al.,"2009;"Lowerre\Barbieri"et(al.,"2011)"and"it"made"the"adipocytes"and"lipid"droplets"clearly"visible"in"the"tissue."However"this"staining"method"cannot"differentiate"between"CA"and"lipid"droplets," and" is" less" suitable" to" characterize" the" transition" from" PG" to" SG" in" eel." Also," the"further" location" and" abundance" of" CA" as" development" proceeds" and" other" cytoplasmatic"structures"may"be"difficult" to"distinguish."A"more"detailed" staining"method" is"H&E"staining,"because"there"can"be"a"clear"separation"between"lipid"and"yolk"globules."However," it"can"be"difficult" to" identify" CA." H&E" staining" of" paraffin" sections" normally" provides" good" quality"preparations,"but"the"sections"have"a"tendency"to"cause"shrinkage"oocytes."The"most"requiring"staining" method" is" the" PAS," metanil" yellow," hematoxylin," and" the" percentage" rate" of" good"quality"sections" is" lower,"due"to"the" long"and"complex"staining"process."The"strength"of" this"staining"method" is"however" that"CA," lipid"droplets" and"yolk"globules" are" clearly" contrasted"against" each" other" due" to" the" very" different" colors," combined" with" coloration" of" the" base"membrane"that"is"clearly"outlined"(Quintero\Hunter"et(al.,"1991;"Grier"et(al.,"2009)."Thus,"all"staining" methods" have" their" advantages," depending" on" the" purpose." When" PAS," metanil"yellow," hematoxylin" staining" is" successfully" executed," it" gives" the" finest" result," and" the"different" elements" of" the" oocyte" are" clearly" outlined," and" the" determination" of" oocyte"development"is"easy."
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Based"on"the"histological"categorization"of"the"oocyte"development,"the"oocyte"composition"in"the" ovary" and" the" ovarian" organization" can" be" determined" by" using" the" same" histological"methods." This" study" indicated" that" oocyte" development" in" the" European" eel" follows" an"asynchronous"pattern"and"spawn"in"batches,"confirming"the"suggestion"by"Lowerre\Barbieri"
et(al." (2011)."During"development"many"cohorts"of"oocytes"of"different"size"and" in"different"stages" of" development" were" present." Some" scientists" (e.g." Weltzien" et( al.," 2009)" have"concluded" that" the" asynchronously" development" is" due" to" the" hormonal" treatment," and"oogenesis"does"not" follow"a"naturel"pattern." In" this"experiment," the"stripped"eggs" from"one"female" European" eel"were" successfully"matured" and" produced" viable" offspring" in" PRO\EEL"experiments.""If" the" European" eel" as" a" semelparous" species" had" synchronous" oocyte" development," all"oocytes"should"be"relatively"similar"in"size"and"characteristics,"as"e.g."Coho"salmon"(Figure"6,"Lowerre\Barbieri" et( al.," 2011)," which" did" not" apply" to" any" of" the" sampled" females" in" this"study.""In"fact,"the"ovarian"organization"appeared"to"be"similar"to"sprat"(Figure"7)"and"spotted"seatrout"(Figure"6)"(Lowerre\Barbieri"et(al.,"2011)"that"have"asynchronous"development"and"spawn" in" batches." Species" with" synchronous" development" are" total" spawners," however," in"captivity," the" eel" may" produce" two\three" batches" of" viable" eggs" and" offspring" (PRO\EEL"experiments),"indicating"that"the"European"eel"is"not"a"total"spawner,"but"a"batch"spawner."""In" conclusion," the" results" obtained" in" the" present" study" give" reason" to" revise" the" common"perception" and" consider" the" possibility" that" the" European" eel" in" fact" is" a" semelparous,"asynchronous" batch" spawner." Furthermore," it" most" likely" that" oogenesis" and" oocytes"development" follow" a" naturel" pattern" under" hormonal" induction" of" oogenesis," although"responsiveness" to" treatment" differs" among" females" and" may" affect" egg" quality" in" assisted"reproduction"experiments."""
4 Conclusions&and&Perspectives&"In" this" thesis," important" elements" of" the" European" eel" lifecycle," population" ecology" and"exploitation" have" been" addressed," and" the" reproductive" strategies" in" relation" to" egg"production"in"female"teleost"fish"have"been"examined."The"main"objectives"were"to"investigate"and"describe" the" oogenesis" and" ovarian" development" in" female" European" eels" subjected" to"hormonal"treatment,"using"histological"techniques,"and"to"discuss"eel"reproductive"strategies"
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to"compare"with"reproductive"strategies"revealed"for"other"teleost"fishes."The"results"obtained"in" the"present" study" indicated" that" the"European" eel" is" a" semelparous," asynchronous"batch"spawner" and" that" oogenesis" and" oocytes" development"most" likely" follow" a" naturel" pattern"under"hormonal"induction"of"oogenesis,"although"responsiveness"to"treatment"differs"among"females" and" may" affect" egg" quality" in" assisted" reproduction" experiments." Further" studies,"including" size" distribution" of" oocytes," batch" fecundity" etc." would" further" support" this" new"hypothesis."""
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Appendix&1&&&
Histological&procedures:&Paraffin&wax&embedding&and&H&E&staining&
Procedures(to(process(tissues(using(paraffin(wax(embedding,(including:(Formalin(fixation,(
paraffin(wax(embedding,(H&E(staining(and(tissue(sectioning(&(mounting.(
DTU(Aqua(Protocol(/(Inger(Hornum(
!
Step!1:!Journalization!The" samples" receive" a" journal" number" that" describe" the" date" for" the" sample" collection." All"relevant" information" about" the" samples" is" noted" in" a" standardized" journal" sheet"“Histologically" study”." Information" includes:" Contact" person" (whose" samples" they" are);"species;" description" of" the"material" (from"where" samples" originate);" relevant" remarks" (e.g."experimental" series," feed," sex," sampling" error);" type" of" fixation" and" information" about" the"histological"analysis"is"noted."A"copy"is"made;"the"original"is"inserted"in"the"lab."journal"(right"away),"and"the"copy"follows"the"samples."During"the"process,"the"copy"is"filled"out"with"all"relevant"information."When"the"process"is"completed,"all"information"from"the"copy"is"transferred"to"the"original."""
Step!2:!Histologically!tissue!and!infiltration!preparation!Before" sub\sampling" and" sample" preparation" of" the" sub\samples" for" the" histokinette"(automated" tissue" processer;" Thermo" Scentific," Shandon" Excelsior" ES)," the" tissue" samples"(stored"in"e.g."formalin)"are"collected,"and"the"tissue"cassette"for"embedding"are"prepared."The"journal"ID"associated"with"the"tissue"sample" is"noted"on"each"cassette"(with"a"pencil,"NOT"a"marker"or"anything"else)."In"the"fume"hut,"a"small"piece"of"tissue"(ca."1/2\1"cm3)"is"sampled"and"placed"in"the"associated"cassette;" this" is" repeated" for" all" the" samples." As" sub\sampling" is" completed," samples" are"transferred"to"the"formalin\filled"containers."When"the"samples"are"ready"for"the"histokinette,"they" are" transferred" to" a" cassette" basket" (a" perforated" basket" where" the" paraffin" can"penetrate),"and"immersed"in"the"vacuum"chamber"in"the"histokinette."The"histokinette"has"an"integrated" vacuum" pump" option," programmable" to" apply" vacuum" during" fixation,"dehydration," clearing" and"wax" infiltration" stations." A" heavy" object" is" laid" on" top" of" all" the"samples"so"that" they"stay" in" the"right"place"during"the"embedding"process."The"histokinette"
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applies"a"predetermined"program,"where"the"tissue"is"exposed"to"different"baths"(alcohol"and"xylene" in" different" concentrations" as" described" in" the" instructions)." During" this" process,"chemicals" extract" formalin/water" from" the" tissue" and" replace" it" with" paraffin." In" the"histokinette," samples" are" embedded" in" different" baths." The" vacuum" container" is" filled" and"drained"13"times"during"app."19"hours."""(For"normal"size"tissue"samples):"70%"alcohol"" " (min."2"hours)"80%"alcohol"" " 1"hour"96%"alcohol"" " 2"hours"99%"alcohol"" " 1"hour"99%"alcohol"" " 1"hour"99%"alcohol"" " 1"hour"99%"alcohol"" " 2"hours"Xylene" " " 1"hour"Xylene"" " " 1"hour"Xylene" " " 2"hours"Paraffin" " " 1"hour"Paraffin" " " 2"hours"Paraffin" " " 2"hours""The"alcohol"and"xylene"baths"are"performed"at"room"temperature,"and"the"paraffin"baths"are"around"62\64℃."The"cassette"basket"is"removed"from"the"histokinette"and"ready"for"embedding"after"the"final"paraffin"bath."OBS:" The" work" procedure" is" performed" at" room" temperature." While" operating" the"histokinette,"a"gasmask"is"used"and"the"point"suction"hood"has"to"be"turned"on"all"the"time"to"protect"against"exposure"to"hazardous"fumes.""
Step!3:!Embedding"When"the"tissue"samples"have"been"processed"in"the"histokinette"the"samples"are"collected"and"prepared"for"embedding."
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1) The"top"of"the"cassette"is"removed.""2) One"metal"container"(metal"casting"mold)"is"put"in"the"paraffin"dispenser."3) A"small"amount"of"paraffin"is"added"to"the"bottom"of"the"mold."4) The"tissue"sample"is"fixed"on"top"of"the"paraffin."5) The"cassette"is"laid"over"tissue"sample"and"casting"mold."6) The"cassette"is"filled"with"paraffin."7) The"metal"container"(metal"casting"mold)"with"cassette"is"now"filled"with"paraffin,"and"placed"on"the"cooling"plate."8) The"paraffin"blocks"are"done,"when"the"metal"casting"mold"can"be"removed.""OBS:"All"work"related"to"operating"the"histokinette"is"performed"with"gasmask"and"under"point"suction.""
Step!4:!Sectioning"The"microscope"slides"are"labelled"with"ID"number"before"the"embedded"tissue"samples"are"sectioned" using" the" microtome" (Thermo" Scientific," Shandon" Finesse" Me+)." Labels" with"reference"to"sample"ID"number"are"made,"using"a"computer"program"and"printed."The"tissue"samples"are"now"ready"to"be"sectioned"using"the"microtome."Tissue"thickness"and"section"distance"depend"on"the"tissue"and"type"of"analysis."The"paraffin"blocks"need"to"be"cold,"before"they"can"be"sectioned."Therefore,"blocks"are"placed"in"an"ice"bath"prior"to"sectioning.""The"microtome"can"be"operated"manually"or"automatically."The"automatic"method"is"used"for"trimming"and"the"manual"method"for"sectioning."The"block"is"trimmed"(automatic)"until"the"tissue"becomes"visible.""The"block"with"tissue"is"then"sectioned"(manually"or"automatically)"at"the"predetermined"distance"(4\10"μm)."Afterwards,"sections"are"transferred"to"a"water"bath"(40℃)."The"sections"need"to"be"in"the"water"bath"for"a" few"minutes,"before"mounted"on"the"labelled"microscope"slides,"dab"with"tissue"paper"with"alcohol"and"placed"on"the"hot"edge"of"the"water"bath"for"drying."During"the"sectioning,"the"block"can"be"too"warm"and"this"will"result"in"poor"quality"sections."In"this"case,"return"the"block"to"the"ice"bath"and"proceed"with"a"new"block."Let"the"block"cool"before"proceeding." "
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Step!5:!Staining!and!mounting"Staining"with"hematoxylin"and"counter"staining"with"eosin"(H&E)"is"a"frequently"used"staining"method."Hematoxylin"is"an"alkaline"dye"that"binds"to"the"DNA"and"RNA"in"the"nucleus."Eosin"is"an"acidic"stain"that"binds"to"tissues"rich"in"protein."Hematoxylin"stains"the"nucleus"blue"and"eosin"gives"a"red/pink"color"to"e.g."cytoplasm,"muscle"fibers,"collagen"and"the"red"blood"cells."To"make"specific"characteristics"visible,"the"combined"H&E"staining"method"will"stain"nuclei"blue,"cytoplasm" light"pink/pink,"muscle" fibers"and"collagen"red/deep"red"and"the"red"blood"cells"will"get"an"orange/red"color."""(Meyers"Hematoxylin\"Eosin):"Xylol" " " 15"min."(max."24"hours)"Xylol" " " 15"min."(max"24"hours)"99%"alcohol"" " 5"min."96%"alcohol"" " 5"min."80%"alcohol"" " 5"min."Clean"in"running"water."Meyers"Hematoxylin"" " 5"min."Clean"in"running"water" " 10"min."Eosin" " " 2"min."Clean"in"running"water"96%"alcohol"" " 5"min."99%"alcohol"" " 5"min."99%"alcohol"" " 5"min."99%"alcohol"" " 5"min."99%"alcohol"" " 5"min."(max."20"min.)""""Mounting"with"tissue"mount"or"eukit."The"final"step"in"the"whole"process"is"the"mounting."A"drop"of"mounting"medium"(e.g."tissue"mount" or" eukit)" is" added" to" the" tissue" sample" located" on" the" glass" slide." A" coverslip" is"mounted"on"top"of"the"tissue"sample"and"medium."It’s"important"that"the"medium"covers"the"
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entire"tissue"sample"and"that"air"bubbles"are"avoided."Failure"in"these"procedures"as"well"as"former"steps"will"cause"a"low"quality"of"tissue"sections"and"hamper"results"of"microscopy."The"finished"and"stained"slides"are"dried"for"min."5"days"in"the"fume"hut."""" &
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Appendix&2&
Histological&procedures:&Historesin&and&advanced&staining&methods&
(
Instructions(for(resin(imbedding(of(small(tissue(samples.(DTU(Aqua(Protocol(/(Inger(Hornum(
!
The!working!process!is!performed!in!fume!hut!and!with!gloves!!
Day!1:"The"tissue"samples"are"put"in"container"with"70%"alcohol."
!
Day!2:"1:"The"tissue"is"transferred"to"container"with"90%"alcohol."1"hour."2:"The"tissue"is"transferred"to"container"with"90%"alcohol."1"hour."3:"The"tissue"is"transferred"to"container"with"96%"alcohol."1"hour."
!
Make!activating!Resin:"A" letter" of" hardener" 1" is"mixed" in" 100"ml." basic" teknovit" 7100" (500"ml." bottle" cold\curing"resin)."The"mixing"procedure"is"made"in"a"plastic"container,"while"a"magnet"is"stirring."The" resin" (activated)" is" mixed" with" 95%" ethanol" in" relation" 1:1." Make" sure" to" make" just"enough"for"the"samples"which"is"1,5\2"ml."pr."sample.""
!
The!tissue!samples!are!transferred!to!small!glass!containers!with!plastic!lids.""4:"The"tissue"covered"with"the"mixture"(activation"resin"and"95%"ethanol"1:1)."5:"After"2"hours,"the"tissue"is"transferred"to"a"new"container"and"covered"with"a"new"portion"of"the"activated"resin."6:"After"another"2"hours,"the"tissue"is"again"transferred"to"a"new"container"and"covered"with"a"new"portion"of"the"activated"resin,"where"it"remains"until"the"next"day."
!
Day!3:"Mix"activated"resin"and"hardener"2"in"ratio"15"ml:1"ml."Mix"thoroughly."Place"a"little"layer"in"the" bottom" of" the" cast" (special" casts)." The" tissue" is" gently" placed" in" the" cast" and" after" 10"
" 38"
minutes"the"casts"are"filled"(just"beneath"the"edge)."Here"it"remains"until"the"next"day"or"over"the"weekend,"until"the"surface"is"hardened."If"the"surface"is"hardened"(a"small"layer"of"water"over"the"surface),"the"procedure"for"Day"4"can"be"made"the"same"day"as"Day"3."
!
Day!4:"Mix" Teknovit" 3040" (liquid" Cold\curing" resin" for" indirect" surface" or" universal" liquid" for"Technovit"3040)"with"3040" (yellow"powder)" in" the" ratio"app."1:2." Start"with" the" liquid"and"add" the" powder." The" consistency" should" be" like" icing" (glasur" in" Danish)." Place" the" block"holder"over"the"tissue"and"cover"it"with"the"mixing."Cannot"be"used"before"its"100%"hardened.""
Instructions!for!2%!Toluidine!blue:!Protocol"for"staining"ovarian"tissue"sections."Embedding:"Historesin."2%"Toluidine"blue"and"1%"sodium"tetraborat"(Borax)."The"borax"is"dissolved"in"the"distilled"water"and"then"the"dye"added"under"constant"stirring."Filter"the"solution"before"use."For"individual"slides:""Cover"the"tissue"section"with"a"few"drops"of"2%"Toluidine"blue"for"1"minute."Rinse"the"sections"with"hot"tap"water"for"30\35"seconds."Dry"on"60℃"hot"plate."Cover"the"sections"with"a"cover"slip"using"Sakura"tissue"mount.""
Instructions!for!PAS,!Metanil!yellow,!Hematoxylin!staining:!Protocol"for"staining"ovarian"tissue"embedded"in"historesin.""0.5%"periodic"acid"water"solution"(instruction:"1%"perocid"acid)" 15"min."3"times"in"milliQ"water"(instruction:"dest.water)"(3"baths)"Dip"until"the"water"is"running"of"the"glass"clearly."Schiff’s"reagent" " " " " 15"min."Clean"in"running"water" " " " " 10"min."Weigert’s"hematoxylin" " " " " 6"min."Just"before"use"solution"A"and"B"is"mixed"in"relation"1:1."The"solution"is"only"useable"the"day"it"is"mixed."
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2"x"70%"alcohol"(pH"2.5)" (2"baths)" " " " 3"sec."3"x"milliQ"water"(pH"2.5)"(3"baths)" " " " 3"sec."Clean"in"running"tap"water" " " " 15"min."0.02%"metanil"yellow"in"0.25%"glacial"acetic"acid" " " 2"min."3"x"clean"in"milliQ"water"(3"baths)" " " " 2"sec."95%"ethanol" " " " " 2"sec."99.9%"ethanol" " " " " 2"sec."Acetone"(water"free)" " " " " 2"sec."Mount"with"Sakura"tissue"mount"
